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Scattering from conformal interfaces in two dimensions is universal in that the flux of reflected
and transmitted energy does not depend on the details of the initial state. In this letter, we present
the first gravitational calculation of energy reflection and transmission coefficients for interfaces with
thin-brane holographic duals. Our result for the reflection coefficient depends monotonically on the
tension of the dual string anchored at the interface, and obeys the lower bound recently derived
from the ANEC in conformal field theory. The B(oundary)CFT limit is recovered for infinite ratio
of the central charges.
1. Introduction.– Conformal interfaces are ubiquitous
both in condensed-matter systems and in studies of
the holographic duality. Such interfaces describe the
local, scale-invariant gluing of two conformal field the-
ories, CFTL on the left and CFTR on the right. Ex-
amples include junctions of quantum wires [1], line or
surface defects in the critical 2D or 3D Ising mod-
els [2], or the gluing of superconformal gauge theo-
ries with different couplings and/or gauge groups. In
bottom-up AdS/CFT, interfaces are often modeled by
codimension-one branes anchored at the AdS bound-
ary. Smooth (super)gravity solutions describing top-
down embeddings in string theory are also known.
Some early papers on the subject are [3–8]. Addi-
tional references will be given as we proceed.
Folding spacetime along an interface converts the
latter to a conformal boundary of the product theory
CFTL ⊗ CFTR, where the bar indicates space reflec-
tion.1 The folded theory has two energy-momentum
tensors, TL and T¯R, that are separately conserved
in the bulk while only their sum, Ttot ≡ TL + T¯R,
needs to be conserved at the boundary. What distin-
guishes interfaces from boundaries (and ICFTs from
BCFTs) is the existence of another, relative spin-2
current Trel = cRTL − cLT¯R ,2 which measures the
exchange of energy between left and right. Here cL
and cR are the central charges of the two CFTs. As
usual, things simplify considerably in two dimensions.
In this case, it was noted in [9] and further analyzed
in [10–12] that the transfer of energy across the inter-
face is controlled by a single transmission or reflection
coefficient, T or R, with T +R = 1. The purpose of
the present note is to derive a formula for these coef-
ficients in the simplest holographic-interface model.
The model consists of two AdS3 slices separated
by a string of tension σ. The AdS3 slices have radii
`L and `R,
3 related to the CFT central charges by
1 We will actually restrict our discussion to non-chiral theories,
for which CFTR =CFTR.
2 This combination of the energy-momentum tensors is a con-
formal primary of the folded theory.
3 We will work in the semiclassical limit, so the radii must be
much larger than G.
the Brown-Henneaux formula cL,R = 3`L,R/2G [13],
where G is the three-dimensional Newton’s constant.
With no loss of generality we take `L ≥ `R, so that the
‘false’ higher-energy AdS vacuum is on the left, while
the ‘true’ AdS vacuum is on the right. For tensions
inside the interval
0 ≤ 1
`R
− 1
`L
≤ 8piGσ ≤ 1
`R
+
1
`L
(1)
the string-worldsheet geometry is AdS2 corresponding
to the ground state of the ICFT [4, 14]. At the ex-
tremal values of the interval the worldsheet flattens
out, i.e., the AdS2 radius diverges. The lower σ limit
in (1) actually corresponds to the Coleman-De Lucia
bound [15] below which the false AdS3 vacuum is un-
stable to nucleation of bubbles. This is also the BPS
bound for supergravity domain walls [16]. The upper
limit, on the other hand, corresponds to the Randall-
Sundrum fine-tuned tension, beyond which the string
worldsheet becomes de Sitter and gets anchored on a
spacelike curve of the conformal boundary [4].
This model has been used as a toy model of holo-
graphic defects, in particular for calculations of holo-
graphic entanglement entropy, see e.g., [17]. In this
letter we provide the first calculation of its transport
properties. Our main result is the following formula
for the energy-transmission coefficient defined in [9],
T = 4
`L + `R
[
1
`L
+
1
`R
+ 8piGσ
]−1
. (2)
Together with the central charges, T was shown [9] to
parametrize the most general two-point functions of
energy-momentum tensors allowed by the symmetries
of the problem.
As explained in [10, 12], what was actually defined
in [9] is the weighted-average transmission coefficient
T = cLTL + cRTR
cL + cR
, where TL,R = (cL + cR)T
2cL,R
(3)
are the transmission coefficients for excitations inci-
dent on the interface from the left and right, respec-
tively. Our formula for these directional transmission
coefficients reads
TL,R = 2
`L,R
[
1
`L
+
1
`R
+ 8piGσ
]−1
. (4)
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2The calculation of (2) and (4) is performed by scatter-
ing surface-gravity waves in a semiclassical geometry
dual to the ground state of the ICFT. It relies on the
usual condition of no outgoing waves at the Poincare´
horizon, whose subtle implementation we explain be-
low.
Before describing the calculation in detail, let us
comment on some salient features of our result. First,
both TL and TR are monotonically-decreasing func-
tions of the tension σ. Their maximal and minimal
values (in terms of the central charges) read
T maxL,R =
cR
cL,R
, T minL,R =
cR,L
cL + cR
, (5)
or equivalently for the average coefficients
2cLcR
(cL + cR)2
≤ T ≤ 2cR
cL + cR
⇐⇒
c2L + c
2
R
(cL + cR)2
≥ R ≥ cL − cR
cL + cR
.
(6)
The above lower bound on R is the same as the one
following from the achronal average-null-energy con-
dition (AANEC) in the ICFT [12]. As stressed in that
reference, this lower bound is stronger than the bound
imposed by reflection positivity of the Euclidean the-
ory [11], R ≥ ( cL−cRcL+cR )2. This shows that reflection
positivity does not necessarily imply the ANEC in
ICFTs.4
If the inequality cL > cR is strict, both TL and T
are less than 1. Total transmission to signals incident
from both sides is therefore only possible between de-
generate AdS3 vacua separated by a tensionless string.
This is the gravitational counterpart of a topological
interface.
The opposite limit of total reflection, R → 1, can
only be reached by taking cR/cL → 0, i.e., by deplet-
ing CFTR of degrees of freedom, relative to CFTL.
This should be contrasted with the fact that in more
general ICFTs, factorizable interfaces can impose re-
flecting boundary conditions on each side for any val-
ues of cL, cR. In our minimal holographic model, on
the other hand, the transmission of energy incident
from the left can be shut down only if there are no
degrees of freedom in the right side. Note however
that in this limit TR = 1, so that the (scarce) signals
incident from the right are fully transmitted to the
other side.5
We should here stress that the transport coefficient
T (or R) and the ground-state entropy (the logarithm
of the g-factor) [21] are independent properties of an
4 Contrary to what happens for quantum states built by the
action of local operators on the Poincare´-invariant vacuum of
a pure CFT [18].
5 From the perspective of the false AdS vacuum, the string
looks in this limit like the end-of-the-world brane of holo-
graphic BCFT [19, 20]. As we will see from eq. (9) below,
this requires G`Lσ to diverge. What is referred to as tension
in [19, 20] is a finite leftover piece of σ.
interface. This is illustrated by topological interfaces
in free-field models which can have arbitrarily large
entropy [22, 23] even though their transmission coeffi-
cient is always T = 1. The holographic duals of such
interfaces are tensionless branes [24, 25], so tension
is not necessarily tied to entropy. Entanglement en-
tropy, which contains the ground-state entropy as a
finite correction to the leading logarithmically diver-
gent term, has been computed in a variety of holo-
graphic ICFT models, e.g., [17, 26–29]. It would be
interesting to calculate transport coefficients in these
models to see how, if at all, they are correlated with
entropy.
2. Holographic scattering states.– We describe now
the main steps in the calculation of the reflection and
transmission coefficients. As mentioned above, we use
a minimal holographic model for the ICFT, consist-
ing of two manifolds ML,R that are locally AdS3 and
are joined on the worldsheet of a tensile string. The
asymptotic boundaries of these manifolds are the left,
respectively right half-planes glued along the CFT in-
terface P . The latter extends in the bulk to surfaces
QL ⊂ML and QR ⊂MR that are identified with each
other and with the worldsheet of the string, see figure
1. The gluing of ML to MR must obey the matching
conditions [30]
γL,αβ =γR,αβ , (7a)
[Kαβ ]− [trK]γαβ =8piGσ γαβ , (7b)
where we have denoted by γL,R and KL,R the induced
metric and extrinsic curvature on QL,R, respectively,
and we use [X] ≡ XL−XR to indicate discontinuities
on the two sides of the interface.
Lθ
Rθ
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FIG. 1. Illustration of the holographic-interface geometry.
The two spacetimes are glued together at the location of
the worldsheet QL ≡ QR. The interface P is the inter-
section of the worldsheet with the conformal boundary.
The incident wave is denoted by I, and the reflected and
transmitted waves are denoted by R and T .
The ICFT vacuum is described in Fefferman-
Graham coordinates by the solution [4, 14]
ds2L =
`2L
y2L
[dy2L + du
2
L − dt2L] for uL ≤ yL tan θL,
ds2R =
`2R
y2R
[dy2R + du
2
R − dt2R] for uR ≥ −yR tan θR,
(8)
where 0 ≤ yL,R <∞. The worldsheet uL = yL tan θL
or uR = −yR tan θR subtends an angle pi2 +θL, respec-
tively pi2 +θR, to the left/right halves of the conformal
3boundary. The worldsheet metric is AdS2 with radius
`W obeying
`W =
`L
cos θL
=
`R
cos θR
=
tan θL + tan θR
8piGσ
. (9)
The first two equalities follow from (7a) and the last
one from (7b). It will be later convenient to employ
the rotated coordinates(
uL
yL
)
=
(
cos θL sin θL
− sin θL cos θL
)(
xL
zL
)
,(
uR
yR
)
=
(
cos θR − sin θR
sin θR cos θR
)(
xR
zR
)
,
(10)
in which the unperturbed string sits at xL = xR = 0,
and its worldsheet can be parametrized by tL = tR ≡ t
and zL = zR ≡ z.
In principle one would like to solve the matching
problem (7) for a generic metric and a fluctuating in-
terface on the conformal boundary. It is however suf-
ficient for our purposes here to set all ICFT sources
to zero, and only consider normalizable excitations of
the fields. These are particularly simple in pure AdS3
where the most general solution of the Einstein equa-
tions in Fefferman-Graham coordinates can be written
as [31] (see also [32–35])
ds2 =
`2dy2
y2
+
[`2g(0)αβ
y2
+ g
(2)
αβ +
y2
4 `2
g
(4)
αβ
]
dwαdwβ (11)
with g(4) = g(2)(g(0))−1g(2) and, for flat boundary
metric, g
(2)
αβ = 4G`〈Tαβ〉. Here 〈Tαβ〉 is the vev of the
canonically-normalized, traceless conserved energy-
momentum tensor in some state of the dual CFT.
Linearizing in the perturbation allows us to drop g(4),
so that the correction to the standard AdS3 Poincare´
metric has arbitrary left- and right-moving waves,
g
(2)
++(w
+) and g
(2)
−−(w
−).
In order to reproduce the setup of ref. [12] we con-
sider a configuration with an incoming wave from the
left, giving rise to a reflected wave on the left and a
transmitted wave on the right. Explicitly, identifying
the w± of (11) with u± t, and using monochromatic
waves,6 we have[
ds2
](2)
L
= 4G`L
[
eiω(tL−uL) d(tL − uL)2+
RL eiω(tL+uL) d(tL + uL)2
]
+ c.c. ,[
ds2
](2)
R
= 4G`R TLeiω(tR−uR) d(tR − uR)2 + c.c. ,
(12)
where RL and TL are the (a priori complex) relative
amplitudes of the reflected and transmitted waves,
and the subscript L indicates that the incident wave
came from the left. Anticipating the final result, we
give the same names to these amplitudes as to the
6 Since we are working at the linearized level, the plane wave
solutions can be superposed to wave packets.
(real) reflection and transmission coefficients. In what
follows, we will linearize our equations in the incoming
flux |〈T−−〉| = .
Gluing ML with MR requires matching coordinates
on the worldsheet. We allow for this by writing
zL,R = z + ˜ ζL,R(z, t) and tL,R = t + ˜ λL,R(z, t),
where z, t are the Poincare´ coordinates of the AdS2
worldsheet and we defined for convenience ˜ = 4G`W .
Since we are keeping only linear order in , we can
set tL = tR = t and zL = zR = z in the pertur-
bation (12). The above changes of coordinates enter
only through the expansion of the leading worldsheet
metric and extrinsic curvatures in (7). We also let
xL,R = ˜ δL,R(z, t) be the fluctuating position of the
string in the transverse dimension.7
Thanks to time-translation invariance we are al-
lowed to work at fixed frequency,
δL,R(z, t) = e
iωtδL,R(z) + c.c. (13)
and similarly for ζL,R and λL,R.
We have then six equations for the six functions
δL,R, ζL,R and λL,R. But common reparametrizations
of the two charts are pure gauge, so only the transition
functions
ζ ≡ ζL − ζR and λ ≡ λL − λR (14)
enter in the equations (7). The problem may now look
overconstrained, but two of the matching conditions
(7b) are not actually independent equations. The rea-
son is that all foliations of AdS3 obey the momentum
constraints
DαKαβ −DβK = 0 , (15)
where Dα is the covariant derivative with respect to
the induced metric. Thus, once one of the equations
(7b) has been solved, the other two are automatically
satisfied up to constants.8
The brane fluctuations are induced by the gravity
waves (12). The equations are more compact in terms
of the combinations
D ≡ δL − δR , ∆ ≡ tan θLδL + tan θRδR − ζ . (16)
7 We use units where the metric is dimensionless, t, x, z have
dimensions of length,  and ˜ have dimensions of mass
squared, and hence the functions ζL,R, λL,R, δL,R have di-
mensions of length cubed.
8 Since the time dependence is fixed, (15) implies that the z
derivatives of two matching conditions are identically zero.
Note that in D spacetime dimensions the same counting gives
(D − 1)2 matching conditions for D + 1 arbitrary functions,
so that for D > 3 two generic spacetimes cannot be matched.
4The four independent matching conditions read
∆ + iωzλ = z3
[cos θL
2
(I+R)− cos θR
2
T
]
,
iωzζ − z∂zλ = z3
[
sin θR cos θRT+ sin θL cos θL(I−R)
]
,
z∂zζ + ∆ = z
3
[ sin2 θR cos θR
2
T− sin
2 θL cos θL
2
(I+R)
]
,
z∂zD = z
3
[ 1
iωz
(I−R−T)− sin θL cos
2 θL
2
(I+R)
− sin θR cos
2 θR
2
T
]
,
(17)
where
I ≡ e−iω sin θLz, R = RL eiω sin θLz,
T ≡ TLeiω sin θRz
(18)
are the exponentials imprinted on the worldsheet by
the graviton waves (12). The first three equations
are the matching conditions (7a) while the fourth is
the (tz) component of (7b), where we have used the
second equation to simplify it. The three (almost)
redundant matching conditions can be actually com-
bined into an algebraic equation for D, so the integra-
tion constant in the last equation of (17) is fixed as in
eq. (20), see below.
Consider first the homogeneous equations obtained
by setting the right-hand sides in (17) to zero. The
general solution reads
− iωλ(z) = ∆(z)z = a+eiωz + a−e−iωz ,
− iωζ(z) = a+eiωz − a−e−iωz , D = 0 . (19)
The z = 0 limit of these functions corresponds to
sources in the dual ICFT. For instance δL(0) = δR(0)
is a source for the interface displacement operator.9
Linearizing in this source gives an O(z−3) correction
to the induced metric. This is consistent with the fact
that the scaling dimension of the displacement oper-
ator is D = 2 [11]. In the absence of gravity waves,
setting the sources to zero implies a+ = a− = 0. This
shows that there are no normalizable states supported
entirely by the interface.
Let’s go back now to the inhomogeneous equations
(17). Since these are linear equations, the general so-
lution is given by (19) plus some special solution. The
result after straightforward manipulations is
∆(z)
z
=
1
ω2 cos θL
(I+R)− 1
ω2 cos θR
T+ a+e
iωz + a−e−iωz ,
ζ(z) =− cos θLz
ω2
(I+R)− i
ω3
(I−R)
(
tan θL +
sin θL cos θL
2
ω2z2
)
− i
ω3
T
(
tan θR + i cos θRωz +
sin θR cos θR
2
ω2z2
)
+
i
ω
(
a+e
iωz − a−e−iωz
)
,
λ(z) =
i
cos θLω3
(I+R)
(
1− cos
2 θL
2
ω2z2
)
− i
cos θRω3
T
(
1− cos
2 θR
2
ω2z2
)
+
i
ω
(
a+e
iωz + a−e−iωz
)
,
D(z) =− i
ω3
(I−R)
(
1 +
cos2 θL
2
ω2z2
)
+
sin θLz
ω2
(I+R) +
i
ω3
T
(
1− i sin θRωz + cos
2 θR
2
ω2z2
)
.
(20)
Requiring that the sources vanish now gives
D(0) = 0 =⇒ RL + TL = 1 , (21)
and further from ζ(0) = λ(0) = 0 we obtain:
a+ =
1
2ω2
[
TL
(1 + sin θR
cos θR
+ tan θL
)
− (1 +RL)
cos θL
]
, (22)
a− =
1
2ω2
[
TL
(1− sin θR
cos θR
− tan θL
)
− (1 +RL)
cos θL
]
. (23)
The reader can verify that with these choices all four
functions are O(z3) near the conformal boundary, and
make O(1) contributions to the worldsheet metric
which can be interpreted as ICFT vevs. This agrees
9 Similarly, λ(0) is the source for the dual operator that gen-
erates a relative reparametrization of the interface [36].
again with the fact that the scaling dimension of the
displacement operator is two [11].
Inserting the solution for δL,R in the expression for
the induced metric shows that the latter is locally
AdS2 (constant intrinsic Ricci curvature). Thus, as is
the case for homogeneous AdS3/CFT2, here too the
dynamics happens at the conformal boundary in spite
of the presence of the string/interface.
Up to this point, we have obtained a solution for
the equations of motion of our model, that is valid
for any value of TL. To proceed further, we have to
make an assumption about the behaviour of the so-
lution at the Poincare´ horizon, as mentioned in the
introduction. It is well-known that in the Lorentzian
AdS/CFT correspondence the boundary conditions at
the conformal boundary do not determine the solution
uniquely, because there are normalizable modes that
vanish at the boundary and are regular in the interior
[33]; this is the dual of the property that there are
5different Minkowskian QFT propagators, depending
on the choice of the initial state (retarded, advanced,
Feynman etc.).10
The prescription of [37, 38] (generalized by [39]),
frequently used in the literature, requires the absence
of modes coming out of the horizon for the compu-
tation of a retarded correlator. In our case it is not
immediately obvious how to apply this prescription,
since the problem is not formulated as the computa-
tion of a causal response.11 One difficulty is that wave
packets formed from (12) are localized in uL,R but not
in the radial AdS coordinates yL,R. Such wavepackets
imprint superluminal waves on the functions δL,R, ζ
and λ of the form eiωt× (I,R or T), see eq. (18). But
as illustrated by seawaves hitting an oblique seashore,
these superluminal waves carry no energy. To see
why, one must look at gauge-invariant quantities left
unchanged by common reparametrizations of the two
charts, δζL = δζR and δλL = δλR. One such quantity,
at the linearized order considered here, is the trace-
less part of the extrinsic curvature which is continuous
across the worldsheet by Israel’s matching condition
(7b).12 A simple calculation gives
Kˆ±± =
a± ω2
2piσ`W
eiωx
±
+O(2) , (24)
where x± = t ± z and Kˆαβ denotes the traceless
part of Kαβ . Note that the superluminal waves dis-
appeared from the above expression, and that the
‘no outgoing wave’ condition reduces to a+ = 0.
Note in addition that the (discontinuous) trace parts,
KL,R = ± 2`W tan(θL,R) +O(2), are not perturbed at
linear order.
With the help of equations (21) and (22), the no-
outgoing-wave condition implies
TL = 2 cos θR
cos θR(1 + sin θL) + cos θL(1 + sin θR)
. (25)
Trading the angles for `L,R and σ gives our result (4).
It is non-trivial that RL and TL, which started out
as complex amplitudes in the gravitational-scattering
problem, ended up as real, positive reflection and
transmission coefficients as required for a proper ICFT
interpretation. This together with the fact that our re-
sult obeys the non-trivial ANEC bound (6) is a strong
a posteriori argument for the correctness of the above
assumption.13
10 One could try to circumvent the problem by going to Eu-
clidean signature, however in AdS3 there are subtleties be-
cause one finds infrared divergences at z → ∞ that must
be regulated (in [31] an IR cutoff was used) and this would
introduce some ambiguities.
11 Perhaps this can be done using an alternative definition of T
in terms of a 3-point function [12].
12 It is also covariant under Weyl transformations of the bulk
geometry [40].
13 For instance, one can check that the condition a− = 0 would
lead to unphysical values for T .
3. Summary and Outlook.– In this letter we evaluated
the reflection and transmission from thin-brane holo-
graphic interfaces in AdS3. We found that the result
(6) for the reflection coefficient is consistent with the
lower ANEC bound, while its maximum approaches
R = 1 only in the limit of infinite ratio of the central
charges. This imperfect reflection might be a generic
feature of holographic interfaces.
It would be interesting to study applications of
our work in condensed matter systems, as well as
explore other holographic models, higher dimensions
and quantum-gravitational corrections. Of special in-
terest are the 1/2-BPS holographic interfaces ofN = 4
super Yang-Mills [41, 42] and the associated top-down
embedding of massive gravity [43]. Another important
issue that will be discussed in a future publication [36]
is universality, in particular why RL,R and TL,R are
independent of the nature of the incident wave as has
been shown in the dual CFT2 [12].
It is also interesting to explore the relation of our
work to the recent discussions of the Page curve that
describe the entanglement entropy between an evap-
orating black hole and its Hawking radiation through
the appearance of islands behind the horizon. This
has been evaluated in a class of toy models where
the black hole is coupled to a heat bath via transpar-
ent boundary conditions [44, 45]. Holographic realiza-
tions corresponding to this scenario were put forward
for example in [46–50] in terms of doubly holographic
BCFT/ICFT models. Our results on reflection and
transmission could come to use when coupling the
black hole to the bath – we hope to return to this
question in the future.
In this context it has been also pointed out that the
transmission of energy across an interface differs from
the transmission of information. It would be inter-
esting to compare our results to various information
theoretic measures and their dynamics in the presence
of defects, see e.g., [17, 27, 28, 51–54].
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